INTRODUCTION
Epoxy resins are widely used as matrices for prepa ration of epoxy cured materials: coatings, glues (adhe sives), potting compounds, and adhesives for rein forced plastics for civil and special purpose branches of industry [1, 2] .
Because of their mechanical characteristics (high elastic modulus, low creep), chemical resistance, low shrinkage during curing, and relatively low cost, cured epoxy composites have evident advantages over many other thermosetting polymers [3, 4] .
Nevertheless, for many applications, it is desirable to improve the following characteristics of the epoxy polymers: impact toughness (reduced brittleness), barrier characteristics (reduced permeability), flame retardancy (reduced flammability), and thermal and heat resistance (increased glass transition tempera ture).
In recent years, a new approach to the improve ment of characteristics of polymer materials (both thermoplastics and thermally setting plastics) has been advanced; this approach includes incorporation of aluminosilicate platelets into the polymers and devel opment of silicate-polymer nanocomposites [5] [6] [7] [8] [9] . Since the thickness of an aluminosilicate platelet is 1 nm and its aspect ratio is high (about 1000), alumi nosilicate platelets can critically improve many char acteristics of diverse polymers, even at relatively low concentrations [10] [11] [12] [13] .
One of the most important characteristics of poly mers, including epoxy polymers, is their thermal resis tance. One remarkable example is known: when the heat distortion temperature of Nylon 6 (semicrystal line polymer) was increased more than twice only via the introduction of a few percent of aluminosilicate [14] . In addition, the proper choice of aluminosili cates improves the heat resistance of fully amorphous thermoplastics [15] [16] [17] [18] .
Usually, improvement in the characteristics (including heat resistance) of silicate-polymer nano composites is assumed to be directly related to the complete exfoliation of the silicate platelets in the polymer. However, this assumption is not always justi fied for epoxy polymers (typical representatives of the family of thermosetting plastics) and especially for epoxy polymers that exist at room temperature in the glassy state (with a high glass transition temperature).
The mechanism behind the effect of aluminosili cates on the glass transition temperature of epoxy nanocomposites has remained vague, even though Abstract-It is shown that the noncatalyzed chemical grafting of an epoxy oligomer onto the surface of montmorillonite platelets may proceed via the reaction between the epoxy groups and the hydroxyl groups of the organic modifying agent of the layered aluminosilicate. The effect of grafting on the structure and heat resistance of the cured epoxy nanocomposite is studied. Complete exfoliation of montmorillonite particles into individual platelets is shown to be a necessary but insufficient condition for increasing the glass transi tion temperature of the nanocomposite relative to that of the initial matrix. A much higher contribution to the increase in the glass transition temperature is ensured by grafting of epoxy molecular chains onto the sur face of aluminosilicate platelets; i.e., strong covalent matrix-aluminosilicate bonds form in addition to phys ical bonds, a process that entails development of a thicker three dimensional network. numerous studies in this direction have been con ducted. Many authors reported that the glass transi tion temperature decreases owing to introduction of aluminosilicates with various organic modifying agents into the epoxy matrix [19] [20] [21] [22] [23] [24] . For example, the effect of the organomodified layered silicate on the glass transition temperature of the nanocomposites based on various bifunctional and multifunctional epoxy resins was examined [21] . In all cases, glass transition temperature Т g markedly decreased (by 10 K or even more). In experiments, the content of residual epoxy groups was carefully monitored, not exceeding 4% in the worst case scenario. It was assumed that, at the silicate/cured epoxy matrix inter face, the crosslink density decreases; however, no evi dent correlations between the behavior of the free vol ume and Т g were revealed. A similar explanation for the decrease in the glass transition temperature was proposed in [22] , where it was assumed that the crosslink density in the interfacial region is reduced owing to homopolymerization of the epoxy resin. According to [23, 24] , the interfacial region is plasti cized by long chain alkyl radicals of the organic mod ifying agent; as a result, Т g decreases.
Effect of the Chemical Grafting of Epoxy Resin onto Organomodified
In several publications, the heat resistance of the epoxy nanocomposites has been shown to be practi cally indifferent toward the introduction of alumino silicates [25, 26] .
The authors of [27] [28] [29] , having observed some increase (by ~10°С) in the glass transition tempera ture due to the introduction of aluminosilicates into the epoxy matrix, suggested that this effect is related to the molecular interaction at the epoxy polymer/alu minosilicate interface, a phenomenon that limits the mobility of polymer segments in the interfacial region. In particular, note study [27] , where the conditions of reaction between the hydroxyl groups of the organic modifying agent and the components of the epoxy sys tem of anhydride hardening under the action of an amine type catalyst were examined [30] . However, the effect of the glass transition temperature rise is very moderate (only ~7°C).
In our earlier publications [31, 32] , we showed that heat resistance of the epoxy polymer during its curing with triethanolaminotitanate can be substantially improved via the introduction of organomodified alu minosilicates whose organomodifying units contain various functional groups. For example, when the modifying agent contains silicate carrying hydroxyl groups, the glass transition temperature increases by 27°C or more [32] .
In this study, we investigated the possibility of a marked increase in the heat resistance of the epoxy nanocomposite not only due to exfoliation of alumi nosilicate particles but primarily due to the noncata lyzed chemical grafting of epoxy groups onto the sur face of aluminosilicate platelets.
EXPERIMENTAL

Test Samples
We studied an epoxy nanocomposites based on two epoxy matrices.
The first matrix (matrix I) is the epoxy resin KDA 2 cured by polyamine B. Epoxy resin KDA 2 (TU 2225 032 00203306 97) is the mixture of resins ED 20 and DEG 1. Resin ED 20 is the product of condensation of epichlorohydrin and diphenylolpro pane at a ratio of 2.5 : 1 in the presence of alkali (Rus sian State Standard GOST 10587 84). Aliphatic resin DEG 1 is the product of condensation of epichloro hydrin and diethylene glycol and is used as an elastify ing agent. The curing agent, polyamine B, is synthe sized via the condensation of formaldehyde in the presence of excess aniline.
The second epoxy matrix (matrix II) for nanocom posites was resin ED 20, which was likewise cured by polyamine B.
In both matrices, the content of the curing agent was the same.
The selected epoxy matrices are widely used in industrial applications for the production of compos ite materials, including materials for the construction industry.
As a nanomodifying agent for the epoxy matrices, we used organomodified layered aluminosilicate montmorillonite (MMT), trademark Cloisite 30B (Southern Clay Products Inc., United States; herein after, MMT 30B). The organic modifying agent for aluminosilicate is the tertiary ammonium salt bis(2 hydroxyethyl)methylalkylammonium chloride. The composition of the alkyl radical is as follows: C18, 65%; C16, ~30%; and C14, ~5%. According to the manufacturer's data, the concentration of organo modifying agent in MMT was 90 m equiv/100 g, the average particle size was 6 µm, and the content of water was below 2%.
Prior to use, MMT 30B was dried at 95-100°C for 4-5 h (to a residual pressure of no less than 0.01 Pa). Under the given conditions, no degradation of the organic modifying agent was observed [33] .
Synthesis of Nanocomposites
The nanocomposites based on matrices I and II were prepared with the use of mechanical and mecha nothermal methods.
